APPENDIX B

Rainfall and Reference Evapotranspiration
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2.1

2.2

GENERAL

This Appendix deals with the weather data used in the project. The Lake Toho ISGM
requires rainfall and reference Evapotranspiration (ET).

Table 2-3 contains a list of data files and utility programs that were used to develop the
rainfall data used in the model.

RAINFALL

SFWMD provided rainfall time-series for 71 gauging stations of which 57 were located
inside the project area (see Figure 2-1). Out of these 57 stations only 25 contained data for
the model calibration and validation period (1995-2001). All data files contained daily
rainfall recordings (inch/day). Some of the 25 stations also contained large data gaps within
the calibration period and were therefore omitted. A total of 18 rainfall stations were used
in the model.

Data Format Conversion

All rainfall data were provided by SFWMD in DBHydro format. This ASCII file format
was converted into the MIKE SHE TO time-series format using the convert.exe program
(See Table 2-3)

Gapfilling

Most of the rain series contained a number of data gaps. Most gaps were only a few days
(often weekends and holidays) but there were also several larger data gaps with duration of
weeks or even months. For all first recordings after a data gap DBHydro indicates whether
the value represents cumulated rainfall for the entire gap or whether it’s a new daily
reading. Rather than calculating an average rainfall rate for a specific data gap (based on
cumulated values) it was chosen to remove (manually) all recordings following a data gap
and replace all gaps with values from nearby stations as part of the gap-filling procedure.

The DHI MIKE Zero package contains a correlation and gap-filling package that operates
on DHI dfs0 file formats (DHI binary time-series format). The TO data files converted from
DBHydro consequently needed conversion to the DHI dfs0 format before using the gap-
filling utility. This conversion was made easily by importing TO files to EXCEL and
subsequently using cut-and-paste to the dfsO time-series editor.

Initially an automated gap filling procedure in the DHI MIKE Zero toolbox was adopted.
This procedure calculates correlation coefficients between all time-series. Missing data in a
specific time-series are then replaced with values from the time-series with the highest
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correlation coefficient. In addition the correlation tool calculates a volume correction factor
that are multiplied to the value from the best-correlated station. The correlation coefficients
were however poor (0.2-0.8) and the calculated volume correction factors were often
unrealistic (down to 0.5). It was therefore chosen to replace missing data with data from the
nearest rainfall station. No volume correction was made. Table 2-1 shows, for each rainfall
station, the ranking of stations used to replace missing values. For each station the matrix
indicates the priority and the number of the station that were used to replace missing values.
Thus, for CHEST_R_H6 station number 12 (TOHO15_R_JW235) were used as first
priority station, station no. 14 as second priority etc. Table 2-2 shows basic rainfall
statistics before and after gap filling.

Table 2-1 Station Ranking Matrix used for Rainfall Gap-Filling

iority and Station Number for Gaptfilling

1617

No. |Station 1D 2|3 6|7|8]9}10]11}12]13

1 |CHEST R_H6 141 7 18] 2| 3|45 8]9]10 151 16
2 |CREEK R 05841 131 31 6 415({8]9j10]11[12]14 171 18
3 |KIRCHOFF_R 05862] 6 | 7 | 11 18] 24| 5[18]191([10]12 16|17
4 [KISS.FS_R_06305 18{ 8 1 5 112]13]16]1719112]113 16| 17
5 |S59_R_16567 913] 4 112161 7]18110]112113 17118
6 |S61_R 05868 713 |11 214151 8[91]10]12]13 17118
7 |S61_R_1657C 6| 3|11]14] 112 [4]5[8]9]10[12]13 171 18
8 |SHING.RG_15323 4118|10f16| 5|11 2|36 [7]9(f11]12 151 17
9 |STCLOUD_R_16619 |5|14]l12]11] 1] 2| 3| 4]|6]|7]8[10]13 17118
10 |TAFT_R_06042 16| 8|15 514 1]12]183]|]6|7]19]17]11 141 18
11 |TOHO10OR JW234 | 6| 5| 3| 9f14]1]12|4]|7]81]10]12}13 17118
12 |TOHO15 R JW235 14| 1|11 9] 6| 23] 45| 718]10]13 17118
13|L MARIO2 R 058841 2| 3| 6| 7| 1]14]5]|8]9]10]11]12]14 17118
14 |ALL2R HA469 121|196 7(2]3|]4|5]8]10]11]13 17118
15 |BEELINE R 05963 |16|/10| 8 | 519|112 13|4]|6]7]11]12 171 18
16 [MC_COY_16634 15/10{ 8] 519 1]12]8|4]6]7]11]12 171 18
17 |PINE_ISL_R_05876 [1]12{14] 9| 6|12 | 3|4 5|7 ]8]10]11 161 18
18 |KISS.FS2 _L4 g|5|11|101]2]3]6]7]9]12]13 16| 17
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2.3

2.3.1

Reference Evapotranspiration

Evapotranspiration data or weather data were available at three stations. Weather data cov-
ering 1990-2000 (total radiation, temperature and humidity) were available at station S-61
located on canal C-35 just downstream of Lake Toho. At station WRWX, located on the
southern boundary of the model area (see Figure 2-2) weather data were available for April
1997 through January 2001. Finally pan-evaporation data were available for station
KISS.FS_E_6378 for the period 1980 through April 1999.

Only minor data gaps were found in the weather data files while the pan evaporation con-
tained numerous smaller and larger data gaps. For S-61 data were missing for November
and December 2000. Solar radiation data from S-61 measured in November-December
1999 were used as replacement.

It was initially chosen to use weather data only from station S-61 to calculate reference ET.
Station WRWX could have been used for the southern part of the catchment but S-61 data
are probably equally representative. The pan evaporation data contained numerous data
gaps and it was considered more feasible to base reference ET calculations on only one
methodology rather than combining reference ET calculations from weather data with pan
evaporation data. However, data flaws were identified for the period April 1996 through
August 1999. The radiation data showed a clear shift with substantially lower values for the
mentioned period. When compared to solar radiation data measured at WRWX the S-61
values were considerably lower. Thus, it was agreed that the radiation data measured at S-
61 were not reliable for the above mentioned period. Station WRWX contained data from
starting from July 1997. These data were compared with other radiation data from South
Florida and seemed to be realistic. The WRWX data file contained both total radiation and
net radiation data. The net radiation data were used to calculate reference ET using the
Priestley-Taylor method. The Priestley-Taylor have previously proven suitable for South
Florida’s humid climate where solar radiation is the single most important parameter for the
reference ET (Abtew and Obeysekera, 1995)

The calculation procedure is described in the following section.
Calculation of Reference ET using Priestley-Taylor

The Priestley-Taylor model reads (Abtew and Obeysekera, 1995):
ET =tal-[R, - G)

Where ET is reference ET (mm d), A is slope of vapor pressure curve (kPa °C™), v is the
psychrometric constant (kPa °C"1), R, is net radiation (MJ m> d'l), and G is water heat flux
(MJ m™ d"), with a modified o value of 1.18. The various terms in the Priestley-Taylor
equation were calculated based on Smith, M. (1990) as described below.
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The slope of vapour pressure curve was calculated using equation (3) in Smith, M. (1990):

4098¢,
(T+237.3)°

T : Air Temperature [°C]
e, : Saturation Vapour Pressure at Temperature T [kPa]

e, was calculated using equation (10) in Smith, M. (1990):

e, =0.61 lexp((——”'m )

T+237.3)
The psychrometric constant (y) was calculated using Smith, M. (1990) equation 4.
y =0.00163[%]

where P is the Atmospheric pressure (kPa) and A is latent heat (MJ kg™'). A varies only
slightly over normal temperature ranges and was kept constant at 2.45 MJ kg" (Smith,
M.,1990, equation 2).

The water head flux (G) was calculated based on daily temperature fluctuations as:
G=038T,,, ~Thu.1)

Where Tgayn is Temperature (°C) in day n and Tgayn1 is Temperature in previous day
(Smith, M.,1990, equation 65).

The calculations were done using an EXCEL spreadsheet which is also included on the pro-
ject CD-ROM. Figure 2-3 shows the measured solar radiation and the cumulated calculated
reference ET. Solar radiation was used from July 1997 through December 2000. Daily ref-
erence ET for 1995-1996 was calculated as the average value (daily) for the period January
1998 through December 2000.
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Figure 2-3  Cumulated Yearly Reference ET and measured daily solar radiation at station WRWX
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2.4 Data and Programs Used for ET and Rainfall Processing
Table 2-3 List of Data Files and Ulility Programs Used to Develop Rainfall Data
Description Data File on Project CD-ROM | Comments/file type

Rainfall Time series data in TO
format for individual gauges

TIME/Rainfall-gapfilled-
newdata.TO

MIKE SHE TO time-series data
converted from DBHydro.

Rainfall data for stations used
in model

Gapfilling/rain_inches-new-
data.dfsO

DHI dfsO time-series data file
containing rainfall data with
gaps. First value after a data
gap was removed manually.

Rainfall data for stations used
in model

Gapfilling/rain_inches-filled-
new-data.dfsO

As above but gap-filled.

Spreadsheet for making gap | Gap filling/statistics.xls EXCEL spreadsheet file.
filling statistics

Spreadsheet for calculating ref- | Data/meteorology/ WRWX- EXCEL spreadsheet file.
erence ET from WRWX net | ETO.XLS

radiation
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